Saliva specimens were collected at weekly intervals during the third trimester of 61 uncomplicated pregnancies. Oestriol concentrations, measured in samples collected in the early morning from fasting, recumbent subjects, were used to construct a provisional normal range. This proved to be higher than the corresponding normal range reported from another laboratory applying the same method to samples obtained at random from a different population of ambulant subjects. Interlaboratory variation in the assay of salivary oestriol was not sufficient to account for the difference in normal range. It is concluded that consideration should be given to the timing of sample collection if salivary oestriol concentration is to be monitored as a possible means of assessing fetoplacental function. A normal range for salivary oestriol concentration versus gestational age obtained from women sampled randomly may not be appropriate for monitoring patients with 'at-risk' pregnancies who are normally bed-rested.
The clinical usefulness of saliva as an alternative fluid to serum or urine for the monitoring of drugs or for the analysis of steroid hormones has been reported.' 2 The development of assays for the determination of oestriol in saliva 3 -7 makes it possible to investigate the use of this fluid for the biochemical monitoring of fetoplacental function. Previous workers have shown a significant correlation between unconjugated oestriol concentrations in matched specimens of serum and saliva." 6 These results suggest that information obtained from serum and saliva oestriol monitoring may be equally useful for clinical purposes. However, the conclusions to be drawn from these earlier studies are limited by the small number of patients investigated and by failure to standardise collection time with respect to posture, time of day, and time of meals.
The aims of the study were twofold. Firstly, it was intended to investigate the day-to-day variations of oestriol concentrations measured in saliva specimens collected at different times during the day. The times of collection of the saliva specimens would then be standardised so that day-to-day variations could be minimised. The second aim of the study was to construct a provisional normal range for salivary oestriol concentrations, in the third trimester of pregnancy, using data from weekly saliva specimens obtained using the standardised collection procedure.
22
This normal range would then be compared with a previously published normal range which had been obtained using the same assay method but in which the sample collection procedure had not been standardised with respect to the time of day.
Materials and methods
Volunteers were recruited from the Antenatal Clinic of Frimley Park Hospital, the subjects entering the study at between 29 and 31 weeks' gestation (as assessed by the last menstrual period date). All subjects were asked to collect one salivary fluid specimen on a given day each week while still fasting and recumbent before getting out of bed in the morning (usually between 0700 and 08(0). Salivary flow was stimulated by having each subject suck a 50 mg tablet of ascorbic acid and, after the initial saliva produced had been swallowed, about 3 ml was collected into 5 ml disposable polystyrene tubes. A total of 648 specimens of salivary fluid were collected from 61 pregnant women (29 primiparae and 32 multiparae) of between 30 and 40 weeks' gestation. Mean maternal age at delivery was 29·9 (range 21-44) years. The pregnancies were apparently uncomplicated and produced normal singleton infants (32 boys and 29 girls) with a clinical Apgar score of 9 at 10 minutes after birth, mean birth Results Table 1 Salivary oestriol concentrations collected three times during the day normal distribution. The results were therefore logarithmically transformed to express geometric mean and standard deviation values to obtain a normal range. Comparative studies between oestriol concentrations from samples collected at different times of the day were analysed using Student's paired t test.
The results of an interlaboratory study to determine the concentration of salivary oestriol using the immunosorbent technique have already been reported by Truran et al. 6 Regression analysis of the results yielded a correlation coefficient of 0·99, with a slope of 1·11 and an intercept of~0·13 nmol/l (the slightly higher results being obtained at Frimley Park Hospital). Analysis of all the samples collected in this study was performed at Frimley Park Hospital. Analysis by Student's paired t test of oestriol concentration for eight pairs of saliva collections, each pair consisting of an unstimulated sample and an ascorbic acid stimulated saliva sample produced immediately afterwards, showed no significant difference between the two sets (0·10>p>0·05). The mean oestriol concentration of eight unstimulated saliva samples was 7·0 nmol/l ; the mean concentration of eight matched stimulated samples was 7·2 nrnol/I, Table I shows the mean and SD of oestriol concentrations measured in saliva specimens collected from 15 subjects, each taking a sample at three different times during the day. Analysis by Student's paired t test showed the mean salivary fluid oestriol concentration of samples taken in the fasting, recumbent state (ie. early morning) was significantly greater than the mean value of those taken at 1100 (p<O·OOI) and also greater than the mean value of those taken at 1400 (p<O·OOI). The mean value of the 1100 samples was also significantly greater than the mean value of the 1400 samples (0·02>p>0·01). Table 2 shows the mean and SD loge values for salivary oestriol concentrations on normal singleton pregnancies between the 30th and 40th weeks of gestation (n=440), the samples having been collected in the early morning with each subject in the fasting, recumbent state. Values
Salivary oestriol
(nmol//l Time uf specimen weight 3400 g (2540-4330 g), and mean placental weight 655 g (500-900 g). Mean duration of pregnancy was 39·6 (36-42) weeks. Seven specimens of salivary fluid were collected from one subject who gave birth to a stillborn infant at term.
The variation in salivary oestriol concentrations during the day was investigated in 15 subjects who also collected samples while they were ambulant at mid morning (1100) and after lunch (1400) on their given day. These 15 subjects collected three samples on each of between 3 and 10 separate days throughout the third trimester, 100 samples being collected for each time point. The effect of stimulation of salivary flow was assessed in one subject who collected weekly samples of both unstimulated and stimulated saliva, producing the unstimulated saliva immediately before sucking ascorbic acid for the stimulated sample.
Samples were stored frozen in domestic refrigerators (freezing compartment) and brought to the Chemical Pathology Department on the next routine clinic visit. Here they were stored until all the samples from each individual subject had been completed. Specimens were thawed, centrifuged at 1000 g for 15 minutes, and the clear supernatant assayed for oestriol, using the method of Truran, Read, and Walker." This is a direct, solid-phase radioimmunoassay for salivary unconjugated oestriol which uses a Sepharose-coupled oestriol-6-(Ocarboxymethyl)-oxime BSA antiserum and an oestriol-3-(O-carboxymethyl)-ether-( l 251)-iodohistamine tracer. The incubation time is 15 minutes. The antiserum shows a high cross-reactivity of unconjugated oestriol with oestriol-3-sulphate and oestriol-3-glucuronide, but a preliminary extraction step is unnecessary since oestriol conjugates are poorly represented in saliva." Stock oestriol standard (26 !Lmol/l in ethanol) was stored for up to six months at~20°C, and working standards of 1·5, 3, 4·5,6,9, 13, and 20 nmol/I were prepared daily by dilution of stock standard in assay buffer. Intraassay coefficients of variation (n~10) at levels of oestriol of 1·9, 5·6, and 12·3 nmol/l were 5· 2 /~, 3·6%, and 3·3 %, respectively; interassay coefficients of variation (.0= 12) for the same oestriol concentrations were 6· I~;.;, 7·2 %, and 7· 0~;.;, respectively.
To minimise the effects of interassay variation, the oestriol concentrations in all the samples from an individual subject were determined in a single assay. Results were computed by linear interpolation from a plot of free/bound versus 'standard concentration'. Mean SD n· number of salivary fluid samples collected at each time point by IS subjects as described in the text.
Statistical methods
Fischer-Rasmussen" showed that salivary oestriol concentrations for a fixed day and week of gestation could reasonably be assumed to be of logarithmic Truran et al." have confirmed the previous finding of Fischer-Rasmussen et al. 3 and Huang '" al:' that salivary unconjugated oestriol concentration bears a constant relationship to the serum or plasma level. It may be anticipated that the problems associated with the interpretation of oestriol levels in serums 9 will be equally troublesome in interpreting salivary data. The increase in oestriol concentration with gestational age has to be observed and interpreted against daily variations due to posture, meals, and time of day. Although Hull, Monro, and Gillmer-? found the variation in plasma unconjugated oestriol concentrations throughout 24 hours was no greater than random fluctuations, or day-to-day variation, they found significantly higher values at night compared with the day, and a significant decrease after meals. Their explanation for the abrupt rise from day to night was that the adoption of the recumbent posture, and subsequent increase in maternal blood flow through the placenta, leads to increased oestriol production. Work on salivary oestriol carried out by Besch et al. l1 showed an increase in oestriol concentration taking place during the night, the highest values occurring first thing in the morning. Our results confirm that the salivary oestriol levels in samples, taken in the early morning while the patient is fasting and recumbent, are higher than ambulant 1100 levels and greater still (by an average of 25 %) than post-prandial ambulant afternoon levels. To eliminate episodic variations in salivary free oestriol, Besch et al. ll recommend the collection of three samples within a 35-minute period. They stipulate that this may be carried out at any time during the day, other than just before a meal or immediately after rising, because oestriol concentrations are both higher and more variable in the morning than in the evening. However, their subjects were ambulant, and therefore this approach would be suitable for the monitoring of outpatients. Other workers'" have observed that in serum the overall fluctuation in individual subjects was less in recumbent than in ambulant subjects. In our view, sampling in the recumbent position would also be more relevant to the monitoring of inpatients since bed rest is an integral part of the treatment for patients suffering from hypertension, pre-eclampsia, ante-parturn haemorrhage, and other complications of pregnancy.
We therefore decided to construct a normal range for salivary oestriol concentrations versus gestational age for matched bed-rested subjects. Once-weekly samples were considered adequate to characterise the rise in salivary oestriol concentrations through the third trimester in normal subjects. although for routine monitoring of abnormal subjects a greater frequency of sampling would be desirable. The normal range obtained is significantly higher (by an average of 5\ O{;) than that reported" using randomised collections techniques (Table 2) . In our view, the difference in the normal range in the two studies is obtained in a previous study are also shown for comparison. It can be clearly seen that the values obtained in the present study were significantly higher at all points throughout the last trimester (p<0·005 at all points). Figure I shows the salivary oestriol profile of a pregnancy which ended in the delivery of a stillborn infant at term. No clinical evidence of fetal distress was obtained during the last trimester, and the fetal heart was heard on the day before delivery. However, there was evidence of failure to gain weight after the 34th week, and a necropsy confirmed the presence of an unusual degree of placental infarction which was undoubtedly the cause of placental insufficiency (weight of placenta 350 g) and consequent intrauterine death. This profile is superimposed on the normal range data (mean 12 SD loge) derived from Table 2. due primarily to the differences caused by sampling in either the recumbent position or in the ambulant position. Although the levels obtained in the present study are higher than those previously reported for salivary unconjugated oestriol;' 6 the general profile of salivary concentration with gestation over the third trimester is similar to that seen in the other studies and similar also to results obtained in serum. As with serum oestriol, salivary oestriol shows a very wide normal range and begins to show a significant rise in level only after 33 weeks' gestation. Only one pregnancy turned out to be abnormal. It is possible that determination of salivary oestriol concentrations directly after sample collection in this patient would have predicted the abnormality between the 36th and 39th week of gestation, allowing the obstetrician to intervene as early as three weeks before the fatal outcome. It has been suggested previously? that more frequent sampling may enable more accurate individual profiles to be constructed, thus enhancing the predictive value of the test. However, this would inevitably lead to greater numbers of samples for routine determination, which would in turn require some form of automated analysis. 12 -14 Our results support the findings of other workers that monitoring of fetoplacental function by serial determination of salivary oestriol may be as useful clinically as serial serum oestriol measurements.
Weeks of gestation
In conclusion, we believe that the previously published normal ranges for salivary oestriol may be appropriate for the monitoring of patients seen on an antenatal clinic basis. However, the normal range derived from samples collected from recumbent women (most easily collected in the early morning on awakening) may be more relevant to the monitoring of patients with 'at risk' pregnancies, an integral part of whose treatment is bed rest.
